Stimulation by naloxone, an opioid antagonist, of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) secretion was examined in spring-born crossbred ram lambs raised under natural photoperiod. Vehicle (n = 6) or 1 mg naloxone/kg vehicle (n = 6) was injected (i.m.) 3 times at 2-h intervals at 5, 10 and 15 weeks of age and 4 times at 2-h intervals at 20, 25, 30 and 35 weeks of age. Blood samples were taken every 12 min for 6 h at 5, 10 and 15 weeks of age and for 8 h at 20, 25, 30 and 35 weeks of age. Naloxone had no effect on age at sexual maturity (controls 239 \ m=+-\ 23 days; naloxone 232 \ m=+-\33 days). The only significant (P < 0\m=.\05) effect of naloxone on FSH was a greater pulse amplitude in 10-week-old treated lambs than in control lambs. Naloxone treatment resulted in greater LH pulse amplitude at 5 and 10 weeks of age (P < 0\m=.\05), lower basal serum concentration of LH at 10 weeks of age (P < 0\m=.\05),greater LH pulse frequency at 25 weeks of age (P < 0\m=.\05), and greater mean serum concentrations of LH, basal LH and LH pulse amplitude at 35 weeks of age (P < 0\m=.\01) than in the controls.
Introduction
In intact rams and testosterone-treated wethers, naloxone increases and morphine reduces circu¬ lating concentrations of LH (Ebling & Lincoln, 1985; Schanbacher, 1985; Lincoln et ai, 1987) . Morphine and naloxone also influence circulating LH concentrations in wethers not treated with steroids, but the effects are neither as consistent nor as marked (Schanbacher, 1985; Lincoln et ai, 1987) . Season of year also influences LH responses to opioid agonists and antagonists, the greatest sensitivity being during the breeding season (Ebling & Lincoln, 1985; Lincoln et al., 1987) . The nature of the role of the opioids in controlling the pattern of basal LH secretion and the frequency and amplitude of pulse secretion is unclear. In addition, the role of endogenous opioids in controlling FSH secretion in rams has not been investigated. There is some evidence that long-term treatment with naltrexone in prepubertal male rats may enhance testicular growth, indicating an effect on gonadotrophin secretion (Zagon & McLaughlin, 1984) . However, observations on the effects of naloxone and morphine on serum LH concentrations in prepubertal rats are confusing. It is not clear whether endogenous opioids are important regulators of sexual maturation in the male (Ieiri et ai, 1978; Bhanot & Wilkinson, 1983; Cicero et ai, 1986) . The present study determined the effects of naloxone on tonic gonadotrophin secretion during reproductive development in ram lambs, to assess the importance of endogenous opioid peptidergic tone in controlling the onset of sexual maturation.
Materials and Methods
Animals. Six pairs of spring-born ram lambs, matched for weight and age and of mixed breeds were housed in sheltered dry lots and raised under natural photoperiod. Creep feed was available from 1 week of age and the lambs were weaned at 7 weeks of age and housed in a separate pen in proximity to ewe lambs. Commercial mixed feeds were used according to NRC (National Research Council, 1985) recommendations for replacement rams. Mixed minerals, salt, water and lucerne-brome hay were freely available. Treatment and sampling. Six lambs received normal saline (control) and 6 were treated with 1 mg naloxone/kg (E. I. DuPont de Nemours and Co., Garden City, NY, USA) in saline (i.m.) 3 times at 2-h intervals at 5, 10 and 15 weeks of age and 4 times at 2-h intervals at 20, 25, 30 and 35 weeks of age. The treatment period was shorter for younger lambs, to reduce handling and blood loss. The dose of naloxone had previously been shown to raise serum LH concentrations in cyclic ewes (Currie & Rawlings, 1987) . Blood samples (3 ml) were taken every 12 min for 6 h starting at the first naloxone/saline injection in the young lambs at 5, 10 and 15 weeks of age and for 8 h in lambs at 20, 25, 30 and 35 weeks of age. Samples were taken by indwelling jugular catheter (vinyl tubing SV-70, i.d. 1 00 mm, o.d. 1 -50 mm; Durai Plastics and Engineering, Durai, NSW, Australia) inserted the day before treatment. Blood samples were allowed to clot at 21°C, clots were removed and serum was stored at -20°C until analysed.
Mating ability. Every 2 weeks, from 22 weeks of age, the lambs were checked for mating ability. Randomly chosen pairs were introduced to oestrogen-treated, ovariectomized ewes for 10-15 min. Ram lambs mounting ewes and appearing to ejaculate were separated and semen collection was attempted 1 day later. Semen was collected using an artificial vagina and a restrained oestrogen-treated, ovariectomized ewe (Mickelsen et al, 1982) . Semen was analysed for motility and sperm concentration, using accepted procedures (Roberts, 1986) . Sexual maturity was defined as the time at which ram lambs were able to mount and ejaculate and semen characteristics fell in the lower end of the range for adult rams (> 80% motility, >1 109 spermatozoa/ml of semen) (Roberts, 1986) .
LH and FSH assay. Serum concentrations of LH and FSH were determined for all samples by radioimmunoassay and are expressed in terms of NIAMDD-oLH-24 and NIAMDD-oFSH-RPl, respectively (Currie & Rawlings, 1989 ). All samples for each experimental period (treatment and control) were assayed together. Sensitivities of the assays, defined as the concentrations ofthe lowest standard different from zero (P < 005),wereO-06 ngLH/ml serum and 008 ng FSH/ml serum. Intra-( = 13) and interassay ( = 91) coefficients of variation for LH were 6-3and8T%, respectively, for a reference serum (mean = 1-21 ng/ml) replicated in every assay.Intra-(« = 13) and interassay (n = 91 ) coefficients of variation for FSH were 4-8 and 131%, respectively, for a reference serum (mean = 20 ng/ml) replicated in every assay.
Testosterone assay. Serum testosterone concentrations were estimated for each lamb, at each treatment, on a serum pool of samples taken once an hour over the sampling periods. Serum concentrations of testosterone were determined in a previously validated radioimmunoassay (Cook & Rawlings, 1986) , with samples batched for analysis as described for LH and FSH. Sensitivity was 003 ng/ml. Intra-( = 13) and interassay (n = 53) coefficients of variation were 11-6 and 17-7%, respectively for a reference serum with a mean testosterone level of 0-79 ng/ml. Testosterone concentrations are expressed as mean concentrations.
LH and FSH pulse amplitude and frequency. LH and FSH pulses were detected as values above basal LH by the method of Goodman & Karsch (1980) . LH and FSH data are expressed as mean and basal concentrations and as pulse amplitude and frequency. Basal values were determined by subtracting values determined to be within a pulse from the mean. Statistical analysis. Data were analysed and are presented using 6-h periods at 5, 10 and 15 weeks of age and 8-h periods at 20, 25, 30 and 35 weeks of age. Data were also analysed on a 6-h basis for all periods, but these results were not different from the original analysis. Data were analysed by two-way analysis of variance and Student-Neuman-Keul's procedure.
Results
Semen collection was possible in all ram lambs ejaculating during the mating test, although some would not serve an artificial vagina until their second positive mating test. Naloxone had no effect on the age at sexual maturity (controls 239 ± 23 days, naloxone-treated 232 ± 33 days).
Naloxone administration resulted in a greater LH pulse amplitude at 5 and 10 weeks of age and aiower basal LH concentration at 10 weeks of age (Fig. lb, c ) than in the controls, but had no effects on LH pulse frequency or mean LH concentrations in these young lambs. At 35 weeks of age, mean and basal LH concentrations and LH pulse amplitude were significantly higher with naloxone administration (Figs la, b and 2d ) than in the controls. The only effect of naloxone on LH pulse frequency was a greater value than in the controls at 25 weeks of age (Fig. ld) . Naloxone administration resulted in a greater FSH pulse amplitude than in the controls at 10 weeks of age (Fig. 3c ). 5, 10, 15, 20, 25, 30 and 35 weeks of age. Data are means ± s.e.m. Differ¬ ences between treatment groups are significant: *P < 005 or **P < 001. Columns, within each treatment group, with different subscripts are significantly different (P < 005).
In control, but not naloxone-treated lambs, basal and mean serum LH concentrations were highest at 10 weeks of age (P < 005, Fig. la, b ). LH pulse amplitude was highest in the 5-week-old lambs (control and treated), falling to a low in 35-week-old animals (P < 005, Fig. lc) . In contrast, LH pulse frequency was greatest in 35-week-old lambs (P < 005, Fig. ld ). Mean and basal serum FSH concentrations and FSH pulse amplitude were highest at 5 weeks of age (P < 005, Fig. 3a , b, c) and fell subsequently, but FSH pulse frequency did not change with age (P < 005, Fig. 3d ). Serum testosterone concentrations rose with age, the highest occurring in 30-and 35-week-old control and treated lambs (P < 005, Fig. 4 ). with saline ( , f ) or naloxone ( 1 mg/kg in saline) ( El , j); arrows indicate a pulse, as defined by the method of Goodman & Karsch (1980) indicates time of naloxone injection.
Discussion
In the present study, the age trends for LH pulse frequency and amplitude reflected those reported by Olster & Foster (1986) . Initially, LH pulse amplitude was high but fell with age, with a signifi¬ cant drop in the older, sexually mature animals. In contrast, LH pulse frequency rose with age, peaking in the mature lambs. Mean serum concentrations of LH in control lambs did not fluctuate in response to changes in LH pulse frequency or amplitude, but increased in 10-week-old lambs, when basal serum concentrations of LH were high; the significance of this transient increase is not clear, but it may reflect a temporary increase in the availability of LH for basal secretion, as LH pulse amplitude declines. Unlike LH, FSH pulse frequency did not change with age, nor was there a marked decline in FSH pulse amplitude in the sexually mature lambs. Yet, as with LH, FSH pulse amplitude was high in the young, sexually immature lambs. Mean and basal serum concen¬ trations of FSH, unlike LH, did not show a transient rise at 10 weeks of age. The change in serum testosterone concentrations with age resembles the pattern reported by Cook & Rawlings (1986) .
In the present study, the high mean and basal concentrations and pulse amplitude of serum LH and FSH in the young lambs occurred when circulating testosterone concentrations were minimal. The subsequent decline in values for these gonadotrophin parameters was probably a result of the establishment of testosterone negative-feedback control. However, after a major increase in serum concentrations of testosterone, LH pulse amplitude fell significantly in mature lambs, while LH and FSH pulse frequencies did not change; LH pulse frequency was highest in 35-week-old lambs. This suggests that, if sexual maturity is achieved as a result of a lowering of hypothalamic/pituitary feedback sensitivity to androgens, this process only involves LH pulse frequency, supporting the findings of Olster & Foster (1986) . The increase in circulating concentrations of testosterone Differences between treatment groups are significant: *P < 005 or **P < 001. Columns, within each treatment group, with different subscripts are significantly different (P < 005).
Flg. 4. Mean concentrations of testosterone in ram lambs treated with saline (0) or naloxone (S, 1 mg/kg in saline) at 5, 10, 15, 20, 25, 30 and 35 weeks of age. Data are means ± s.e.m. Differences between treatment groups are significant at *P < 005. Columns, within each treatment group, with different subscripts are significantly different (P < 005). appears to be driven by increasing LH pulse frequency; Olster & Foster (1986) showed an earlier, as well as a later, rise in LH pulse frequency in developing ram lambs, closely paralleling the rise in testosterone concentrations with age noted in the present study.
In prepubertal male rats, naloxone appeared to be effective in increasing serum concentrations of LH to values higher than in controls by 30 days of age; sensitivity to naloxone appeared to increase thereafter up to sexual maturity (Cicero et ai, 1986 ). It has been suggested that opioidergic sensitivity may decrease as sexual maturity approaches (Bhanot & Wilkinson, 1983; Cicero et ai, 1986) . Indeed, it has been clearly demonstrated that there are age-related shifts in morphine sensi¬ tivity of LH (Cicero et ai, 1986) as early as 15 days of age (Bhanot & Wilkinson, 1983) . In this study, evidence of opioidergic suppression of LH was noted at 5 and 10 weeks of age and again in older, particularly in sexually mature, ram lambs. Opioidergic inhibition of LH secretion may influence the rate of sexual maturation in male rats, and a decline in opioidergic suppression of LH secretion may precede maturity (Bhanot & Wilkinson, 1983; Zagon & McLaughlin, 1984) . The pattern of responsiveness seen in the present study did not indicate a decrease in sensitivity to naloxone preceding sexual maturity.
Results of previous studies in mature rams indicated that endogenous opioids mediated the negative-feedback effects of testosterone on LH secretion; mean serum LH concentrations and LH pulse frequency and amplitude were influenced by morphine and naloxone (Schanbacher, 1985; Lincoln et ai, 1987) . There is evidence to suggest that testosterone inhibits the stimulatory effect of naloxone on LH secretipn in neonatal male rats, but that, in older animals, testosterone is required for naloxone to be effective (Bhanot & Wilkinson, 1984; Sylvester et ai, 1984; Schultz et ai, 1985) . In the present study, naloxone was effective in increasing LH pulse amplitude in young ram lambs when testosterone concentrations were minimal. This effectiveness was subsequently lost as testos¬ terone concentrations rose, only to be regained in mature ram lambs, at high concentrations of testosterone, with additional stimulatory effects on mean LH and LH pulse frequency. Based on our data, it could be suggested that a largely steroid-independent opioidergic suppression of LH occurs in very young males, which is later replaced in mature animals by a more general, and largely steroid-dependent inhibition of LH secretion. It could also be argued that the effects of naloxone are initially lost or masked as the animal grows, because of the establishment of testos¬ terone-dependent, opioid-independent negative feedback; whereas in mature animals a component of testosterone feedback has to be opioid dependent. The inhibitory effect of naloxone on basal LH secretion at 10 weeks of age cannot be ignored. This effect appeared briefly at an age when basal LH secretion was high, at least in control ram lambs. Although opiates are largely regarded as having inhibitory effects on LH secretion, stimulatory effects have been noted (Limonta et al., 1987; Currie et ai, 1988; Van Vugt et ai, 1989) . Opioidergic systems appear to be involved in the early transitions in LH, and perhaps FSH, secretion in young ram lambs, but further elucidation of their significance and mechanisms is needed. In adult ewes, naloxone and morphine did not influence FSH secretion (Currie & Rawlings, 1987 . While the effects of naloxone on FSH secretion were evident in this study, they were less obvious than those on LH secretion. FSH pulse amplitude was increased to values higher than in the control by naloxone treatment at 10 weeks of age. The feedback control of FSH secretion depends on gonadal steroids and inhibin. This lesser depen¬ dency on steroids, and hence opioid-mediated steroid feedback, may partly explain the differential sensitivity of LH and FSH secretion to naloxone treatment. While some steroid-independent opioidergic effects on FSH secretion may be evident in very young animals, when inhibin secretion is presumably low, opioidergic influences on FSH secretion in mature ram lambs cannot be ruled out. The appearance, though not necessarily the removal, of opioid control may be an important indicator, if not instigator, of pubertal processes in male ram lambs.
